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INTRODUCTION 

I n t e r e s t  i n  c a t a l y t i c  hydroprocess ing  of coa l -de r ived  l i q u i d s  has  
i n t e n s i f i e d  i n  r e c e n t  times because of t he  need t o  conve r t  heavy f eeds  t o  
more use fu l  f u e l s  f o r  t r a n s p o r t a t i o n  use.  Ana ly t i ca l  d a t a  on upgraded 
l i q u i d s .  r e l evan t  t o  phys i ca l  and chemical c h a r a c t e r i s t i c s  such as s p e c i f i c  
g r a v i t y ,  a n i l i n e  p o i n t ,  he te roa tom con ten t  (0 + N + S ) ,  e t c . ,  a r e  of impor- 
t ance  i n  de te rmining  the  p r o c e s s  pa rame te r s  which c o n t r o l  t he  product  
composition and p roduc t  p r o p e r t i e s .  The purpose of t h i s  s tudy  was t o  ana lyze  
t h e  upgraded SRC-I1 and H-coal l i q u i d s ,  p rovided  by t h e  Chevron Research  Co., 
by I R ,  NMR. GC, GC/PS , and s i l i c a  g e l  chromatography, a s  a f u n c t i o n  of 
con tac t  t ime, w i t h  the hope of o b t a i n i n g  a b e t t e r  unde r s t and ing  of 
coa l - l i qu id  r e f i n i n g  p rocesses .  

EXPERIMENTAL 

SRC-I1 p rocess  p roduc t s  were made from P i t t s b u r g h  Seam ( B l a c k s v i l l e  No. 2 
Mine) a t  P i t t s b u r g h  and Midway Coal Co. These p roduc t s  were b lended  i n  t h e  
r a t i o  recommended by the DOE Techn ica l  P r o j e c t  O f f i c e r  t o  r e p r e s e n t  a t y p i c a l  
n e t  whole l i q u i d  product  from t h e  SRC-I1 p r o c e s s  a t  Chevron. The b l end  i s  
r e f e r r e d  t o  a s  SRC-I1 syncrude. E-coal p r o c e s s  p r o d u c t s  de r ived  from 
I l l i n o i s  No. 6 were b lended  i n  t h e  r a t i o  recommended by Eydrocarbon Research  
Inc .  t o  r ep resen t  a ne t  whole l i q u i d  p r o c e s s  product  from the E-coal p r o c e s s  
a t  Chevron, and t h e  b l end  i s  r e f e r r e d  t o  a s  E-coal syncrude .  

h o  samples of SRC-I1 syncrude and t h r e e  samples of H-coal syncrude were 
hydro t r ea t ed  us ing  Chevron's ICR 106 c a t a l y s t  ( con ta in ing  n i c k l e ,  t ungs t en ,  
s i l i c a  and alumina) a t  7S0°F and approximate ly  2,300 p s i a  E, p a r t i a l  p res -  
su re .  The r e c y c l e  gas  r a t e  was roughly  15.000 SCF/B ( s t a n d a r d  cubic  f o o t  
p e r  b a r r e l )  f o r  the SRC-I1 runs  and 8,000 SCF/B f o r  t he  E-coal runs.  

NblR s p e c t r a  were ob ta ined  w i t h  a 600 MEz NMR spec t romete r  o r  a 60 MEz 
FT-NMR ( E i t a c h i  Perkin-Elmer) spec t romete r  w i t h  TMS a s  the  i n t e r n a l  r e f e r -  
ence.  I R  s p e c t r a  were r eco rded  from n e a t  samples i n  NaCl p l a t e s  a s  t h i n  
f i l m s  on a Beckman IR-20 i n f r a r e d  spec t romete r .  GC p r o f i l e s  were ob ta ined  
w i t h  a Hewlett-Packard Model 5700A equipped  w i t h  a flame i o n i z a t i o n  d e t e c t o r  
and Sigma-10 d a t a  system. C a p i l l a r y  methyl s i l i c o n e  ( l e n g t h  12  m) and methyl 
phenyl s i l i c o n e  ( l e n g t h  30 m) columns were used. The GC/MS a n a l y s i s  was 
performed on a sp-2100 fused  s i l i c a  c a p i l l a r y  column ( l e n g t h  50 m) i n t e r f a c e d  
d i r e c t l y  i n t o  a Eewlett-Packard 5982 MS a t  70 eV. 

The n e u t r a l  f r a c t i o n s  of t h e  coa l -der ived  l i q u i d s  were ob ta ined  by 
t r e a t i n g  the  SRC-I1 and H-coal syncrudes  w i t h  IRA-904 anion-exchange r e s i n  
and then  wi th  Amberlyst-15 cation-exchange r e s i n  t o  remove a c i d  and base  
f r a c t i o n s .  r e s p e c t i v e l y .  The ion-exchange r e s i n s  were purchased  from Rohm 
and Haas and were a c t i v a t e d  acco rd ing  t o  the  method d e s c r i b e d  by Jewe l l ,  e t  
a l .  (1 )  The n e u t r a l  f r a c t i o n s  and t h e  upgraded coa l -de r ived  l i q u i d s  were 
sepa ra t ed  i n t o  s a t u r a t e ,  a romat ic - I  and aromat ic - I1  f r a c t i o n s  by s i l i c a  g e l  
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chromatography. The p rocedure  used  invo lved  packing  a 1 .2  x 105 cm column 
w i t h  6 4  g of s i l i c a  g e l  which had  been a c t i v a t e d  by hea t ing  f o r  16  h a t  8 O o C  
i n  a vacuum oven. A 2 g q u a n t i t y  of t h e  n e u t r a l  f r a c t i o n  o r  upgraded l i q u i d  
was d i s so lved  i n  pentane  and charged  t o  the column. The s a t u r a t e  f r a c t i o n  
was e l u t e d  wi th  pentane ,  u n t i l  t h e  uv absorbance  of t he  e l u a t e  a t  270 nm 
equa l l ed  0.05. Aromatic-I  and aromatic-11 f r a c t i o n s  were e l u t e d  w i t h  CHCl, 
and methanol,  r e s p e c t i v e l y ,  u n t i l  the uv absorbance a t  270 nm reached  about 
ze ro .  

RESULTS AND DISCUSSION 

The hydroprocess ing  c o n d i t i o n s ,  e l emen ta l  a n a l y s i s  and p h y s i c a l  
p r o p e r t i e s  of t h e  f e e d s  and upgraded l i q u i d s  a r e  l i s t e d  i n  Table  1. 
Apparently,  the type of c o a l  and c o n t a c t  t ime g r e a t l y  in f luence  these  
p r o p e r t i e s .  The c o n t a c t  t ime i s  t h e  r e c i p r o c a l  of t h e  l i q u i d  h o u r l y  space 
v e l o c i t y  (LHSV, i n  cm3 f e e d / h  cm3 c a t a l y s t ) .  

I n f r a r e d  s p e c t r a  of t h e  coa l -de r ived  l i q u i d s ,  b e f o r e  and a f t e r  upgrading, 
show d i s t i n c t i v e  d i f f e r e n c e  i n  a l i p h a t i c  s t r e t c h i n g  bands a t  2,920 and 
2,960 cm-l of CH, and CH,, r e s p e c t i v e l y ,  and a romat i c  C-C and/or  hydrogen- 
bonded carbonyl  s t r e t c h i n g  a t  1 , 6 1 0  cm-l. The a romat i c  s t r e t c h i n g  a t  
a t  3,020 cm-l d e c r e a s e s  w i t h  t h e  s e v e r i t y  (dec rease  i n  LHSV) of hydro- 
t r e a t i n g .  The syncrudes  show a n  obvious  broad  peak  c e n t e r e d  a t  
3,400 cm-l which i s  a s c r i b e d  t o  t h e  hydrogen-bonded OH and NH s t r u c t u r e .  
However, a n e g l i g i b l e  hydrogen-bonded s t r u c t u r e  was found in upgraded 
l i q u i d s .  The n e u t r a l  f r a c t i o n ,  an  ac id-  and base- f ree  f r a c t i o n ,  shows 
s i m i l a r  a b s o r p t i o n  a s  t h e  upgraded samples.  

NMR s p e c t r a  show t h a t  t he  a romat i c  p r o t o n s  dec rease  wi th  dec rease  i n  LHSV 
( i n c r e a s i n g  s e v e r i t y  of hydroprocess ing ) .  
c o a l  l i q u i d s  appear ing  i n  t h e  r ange  6.5 t o  7.2 ppm i n d i c a t e  t h a t  the upgraded 
c o a l  l i q u i d s  c o n t a i n  mos t ly  one t o  two r i n g s  of a romat i c s .  The sharp s i n g l e t  
a t  about 1 .44  ppm i s  due t o  cyc lohexane  which i n d i c a t e s  t h a t  t he  con ten t  of 
naphthenes i n  bo th  the SBC-I1 and H-coal upgraded l i q u i d s  i s  apprec iab le .  
T h i s  i s  c o n s i s t e n t  w i th  the  r e s u l t ,  Table 1, t h a t  the naphthenes  a r e  i n  the  
range  from 57.2 t o  89.9% ( l i q u i d  volume %).  

The a romat i c  p r o t o n s  of upgraded 

The p ro ton  d i s t r i b u t i o n  of t h e  syncrudes  and t h e i r  upgraded l i q u i d s  i s  
l i s t e d  i n  Table 2 .  It i s  seen  t h a t  the a romat i c  hydrogen con ten t  dec reases  
w i t h  inc rease  i n  con tac t  t ime,  and t h e  b u l k  of t he  a l i p h a t i c  hydrogens occur  
a t  t he  p o s i t i o n  B on f u r t h e r  away from the  a romat ic  r i n g ,  Hp or Hr: 
accompanied by dec rease  i n  E,. The i n c r e a s e  of Hp i n  upgraded l i q u i d s  i s  
p r i m a r i l y  due t o  t h e  i n c r e a s e  of naphthene c o n t e n t .  

The v i s c o s i t y  of syncrudes  and t h e i r  upgraded l i q u i d s  was measured by 
us ing  an Ostwald type  v i scomete r  a t  298 I[. Since the c o n t e n t s  of he te roa toms 
a r e  i n  the range of on ly  a few ppm and t h e  hydrogen-bonded s t r u c t u r e  i s  
n e g l i g i b l e ,  the upgraded l i q u i d s  t h e r e f o r e  a l l  have low v i s c o s i t y ,  ranging  
on ly  from 1.25 t o  1.40 cp,  even though t h e r e  i s  wide v a r i a t i o n  of the 
s a t u r a t e  and  aromat ic  c o n t e n t s .  

I n  o rde r  t o  c h a r a c t e r i z e  t h e  composi t ion  of t he  upgraded samples,  s i l i c a  
g e l  chromatography was employed t o  s e p a r a t e  the  coa l  l i q u i d s  i n t o  s a t u r a t e  
and aromat ic  f r a c t i o n s ,  and t h e  con ten t  of each f r a c t i o n  i s  l i s t e d  i n  Table  
3 .  It i s  seen  t h a t  t he  s a t u r a t e  f r a c t i o n  con ten t  i n c r e a s e s  w i t h  c o n t a c t  
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time, accompanied by a decrease  i n  a r o m a t i c  f r a c t i o n s .  The n e a t  I R  spectrum 
of t h e  s a t u r a t e  f r a c t i o n  d e r i v e d  from 1.0 LHSV E-coal shows t h e  absence of  
a b s o r p t i o n s  a t  3.020-3.080 cm-1 and 1,600 cm-l, i n d i c a t i n g  t h a t  the  
s a t u r a t e s  a r e  not  contaminated by a romat ic  f r a c t i o n s .  T h i s  f a c t  i s  a l s o  
confirmed by GC/IS a n a l y s i s  of  t h e  f r a c t i o n s .  The r e c o v e r i e s  range between 
94 and 99.88, i n d i c a t i n g  t h a t  the  method used  f o r  s e p a r a t i o n  of upgraded c o a l  
l i q u i d s  i s  a p p r o p r i a t e .  

The s a t u r a t e  and aromat ic - I  f r a c t i o n s  were s t u d i e d  by GC us ing  methyl 
s i l i c o n e  and methyl phenyl  s i l i c o n e  c a p i l l a r y  columns, r e s p e c t i v e l y .  The 
temperature  programs used f o r  s a t u r a t e  and aromat ic - I  a r e  from 20°C ( 2  
min.) t o  160°C ( 4  min.) by i n c r e a s i n g  r a t e  a t  20C p e r  minute ,  and from 
70° t o  270OC by i n c r e a s i n g  r a t e  a t  2°C p e r  minute ,  r e s p e c t i v e l y .  The 
s e v e r i t y  of h y d r o t r e a t i n g  seems not  t o  a f f e c t  t h e  types ,  o n l y  t h e  concen- 
t r a t i o n s  of compounds i n  b o t h  the  s a t u r a t e  and aromat ic - I  f r a c t i o n s .  
The q u a n t i t a t i v e  a n a l y s i s  of a romat ic  compounds based on ring-number, by 
us ing  naphthalene and phenanthrene a s  i n t e r n a l  s t a n d a r d s ,  i s  l i s t e d  i n  T a b l e  
4 .  The more s e v e r e l y  upgraded c o a l  l i q u i d s  c o n t a i n  more 1- r ing  and l e s s  
% r i n g  aromat ic  compounds, compared t o  t h e  syncrude and t h e  l e s s  s e v e r l y  
upgraded coa l  l i q u i d s .  

We have obta ined  GC/MS chromatograms of  t h e  s a t u r a t e  f r a c t i o n  and t h e  
aromatic-I  f r a c t i o n  of opgraded SRC-I1 and E-coal. F i g n r e  1 g i v e s  t h e  
chromatograms f o r  the  s a t u r a t e  f r a c t i o n s  of  upgraded SRC-I1 and E-coal ( b o t h  
1.S LHSV). By matching r e t e n t i o n  t imes  and mass s p e c t r a  of the numbered 
peaks,  we observe a remarkable  s i m i l a r i t y  f o r  each f r a c t i o n  i r r e s p e c t i v e  of 
whether the source i s  SRC-I1 o r  E-coal. Only t h e  h e a v i e r  end of the 
aromatic-I  f r a c t i o n  i s  n o t i c e a b l y  d i f f e r e n t .  I n  comparing t h e  chromatograms 
of  F igure  1. the  c o n c e n t r a t i o n s  of  the  fo l lowing  s p e c i e s  a r e  g r e a t e r  i n  
SRC-I1 than  i n  E-coal: C,-cyclohexanes, C,-cyclohexanes, C,-cyclohexanes. 
dimethyl  decahydronaphthalene,  n-decane, n- t r idecane ,  n-te t radecane ,  
n-pentadecane, n-hexadecane, n-heptadecane, whereas the  E-coal s a t u r a t e  
f r a c t i o n  c o n t a i n s  g r e a t e r  c o n c e n t r a t i o n s  of t h e  f o l l o w i n g :  C,-cyclohexanes, 
C,-cyclohexanes, C,-cyclohexanes, and t rans-hexahydroindane.  I n  comparing 
t h e  GC/MS chromatograms of the  a romat ic - I  f r a c t i o n s  of E-coal (LAW 1 . 0 )  and 
of SRC-I1 (LHSV 1 . 5 ) .  the  c o n c e n t r a t i o n s  of t h e  f o l l o w i n g  s p e c i e s  a r e  g r e a t e r  
i n  E-coal than  i n  SRC-11: C,-benzenes; C,-benzenes, C,-benzenes, C,-benzenes 
(C,-indane o r  C , - t e t r a l i n ) ,  indane,  and methyl  indane.  The c o n c e n t r a t i o n  of 
C,-benzenes i s  g r e a t e r  i n  SRC-I1 (LHSV 1 . 5 )  t h a n  i n  E-coal (LAW 1.0) 
aromatic-I  f r a c t i o n s .  

600 MBz PMR s p e c t r a  of t h e  upgraded SRC-I1 and &coal  l i q u i d s  ( b o t h  1 . 5  
LHSV) look i d e n t i c a l .  We have a p p l i e d  t h e  NMR d i f f e r e n c e  technique ( 2 )  t o  
o b t a i n  d i f f e r e n c e s  i n  c o n c e n t r a t i o n  of c e r t a i n  s p e c i e s  between the  two 
l i q u i d s .  The d i f f e r e n c e  spectrum was o b t a i n e d  from t h e  i n d i v i d n a l  p r o t o n  
s p e c t r a  recorded  under  t h e  same c o n c e n t r a t i o n  i n  CDC1, and o p e r a t i o n a l  
condi t ions .  .The upgraded SRC-11 l i q u i d  c o n t a i n s  l a r g e r  amounts of compounds 
which have CH, o r  CE groups a t o  the  a romat ic  r i n g s ,  i n  a d d i t i o n  o r  i n  e x c e s s  
t o  componnds p r e s e n t  i n  t h e  upgraded E-coal l i q u i d .  
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TAEEE 1. Properties and Analysis of SX-I1 and H-Coal 
S y n c d e s  and Their Uwraded Liquids* 

Feed Sources 
Processing Conditions 

0 Specific gravity, API 
Viscosity (cP) 298OK 
Aniline p i n t ,  OF 
Total nitrogen, ppn 

OXYg~l Ppn 
Sulfur, ppn 

Hydrogen, wt. % 

Carbon, wt. % 

Group type, LV % 

Paraffins 
Naphthenes 
Armtics 

SIC-I1 
Syncrude 

18.6 
2.74 
<30 

a, 500 
37,900 
2,900 
10.46 
86-41 

*Received frcm Chevron Research Co. 

1.5 
34.1 
1.25 
67.5 
20 
630 
5 
12.4 

- 

7.8 
57.2 
35.0 

0.5 
39.3 
1.25 
116.9 
0.25 
40 
5 
13.7 

- 

6.4 
89.9 
4.3 

1.5 
25.8 33.1 
2.04 1.40 
<32 75.7 
4,600 11.6 

- 

ia,ooo 160 
3,200 16 
11.39 12.3 
86.96 

3.3 
58.6 
38.1 

- 1.0 0.s 
35.9 36.2 
1.34 1.39 
101.3 110.5 
1.1 0.5 
110 120 
51 (?) 8.4 
12.8 13.2 

2.8 2.7 
73.2 84.0 
23.0 13.2 
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S E I 1  

S E I 1  

SX-I1 

H - c o a l  

H - c o a l  

H-cOa l  

H - m a l  

TABLE 2. Proton Distribution of Coal Liquids (Area %) 

Y Ha(9-5 ppn) Ha(4-2 ppn) HB(2-1.1 ppn) H (1.1-0.3 p p )  

sync- 25.28 24.94 31.63 18.14 

1.5 Ltw 8.52 13.74 47.92 29.82 

0.5 LHSV 3.33 3.22 54.94 38.52 

Syncrude 15.99 20.58 41.26 22.17 

1.5 LHSV 7.85 13.01 49.03 30.11 

1 . 0  LHSV 5.56 8.79 55.62 30.03 

0.5 LHSV 4.81 7.48 54.70 33.01 

TABLE 3. Composition of Coal Liquids (Wt. %) 

Sa tu ra t e  Aroinatic-1 Aromatic11 Recovery 

SFC-I1 Syncrude 15.1 80.2 4.0 99.3 

SRCII 1.5 LHSV 50.6 44.9 1.0 96.5 

SRC-I1 0.5 LHSV 92.9 5.1 0.8 98.8 

H - c o a l  Syncrude 28.8 66.3 3.7 99.8 

H - c ~ a l  1.5 LHSV 53.2 30.6 15.6 99.6 

H--1 1 .0  LHSV 68.0 23.3 2.7 94.0 

H-coal 0.5 LHSV 73.8 22.0 3.4 99.2 

TABLE 4. Composition of A r m t i c - I  (Area %) 

1-Ring 
S W I I  Syncrude 32.0 

S X - I 1  1.5 LHSV 38.6 

S X - I 1  0.5 LHSV 38.5 

H - c o a l  Syncrude 28.0 

H - c o a l  1.5 LHSV 31.6 

H - c o a l  1.0 LHSV 43.1 

2-Ring 

59.9 

57.4 

58.1 

63.0 

63.4 

54.6 

3-Ring 

8.1 

4.1 

3.4 

9.2 

5.0 

2.3 
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